The structure and dynamics of partially folded actin.
Steady-state and time-resolved intrinsic fluorescence, fluorescence quenching by acrylamide, and surface testing by hydrophobic label ANS were used to study the structure of inactivated alpha-actin. The results are discussed together with that of earlier experiments on sedimentation, anisotropy of fluorescence, and CD spectrum in the near- and far-UV regions. A dramatic increase in ANS binding to inactivated actin in comparison with native and unfolded protein indicates that the inactivated actin has solvent-exposed hydrophobic clusters on the surface. It results in specific association of actin macromolecules (sedimentation constants for native and inactivated actin are 3 and 20 S, respectively) and, consequently, in irreversibility of native-inactivated actin transition. It was found that, though the fluorescence spectrum of inactivated actin is red-shifted, the efficiency of the acrylamide collision quenching is even lower than that of the intact protein. It suggests that tryptophan residues of inactivated actin are located in the inner region of protein formed by polar groups, which are highly packed. It correlates with the pronounced near-UV CD spectrum of inactivated actin. The experimentally found tryptophan fluorescence lifetimes allowed evaluation rotational correlation times on the basis of Perrin plots. It is found that oscillations of tryptophan residues in inactivated actin are restricted in comparison with native one. The inactivated actin properties were invariant with experimental conditions (ionic strength, the presence of reducing agents), the way of inactivation (Ca2+ and/or ATP removal, heating, 3-5 M urea or 1.5 M GdmCl treatment), and protein concentration (within the limits 0.005-1.0 mg/mL). The same state of actin appears on the refolding from the completely unfolded state. Thermodynamic stability, pronounced secondary structure, and the existing hydrophobic clusters, tested by ANS fluorescence and reversibility of transition inactivated-unfolded forms, allowed us to suggest that inactivated actin can be intermediate in the folding-unfolding pathway.